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(54) SPIN POLARIZED SCANNING TUNNELING MICROSCOPE, AND REGENERATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To conduct spin detection 
without generating magnetic interaction between a 
sample and a probe, and to prevent the probe from 
being damaged even in the sample having a surface of 
sharp uneveness. 

SOLUTION: This scanning tunneling microscope for 
observing a magnetic spin of the sample surface at a 
spatial resolution of several nm or less is provided with 
the probe 30 comprising a carbon nano-tube 32 coated 
with a magnetic electrode 33 in several hundred nm of 
distance from a tip part, a magnetic field generating 
mechanism 41 for impressing an alternating magnetic 
field to the magnetic electrode 33 to modulate a 
magnetizing direction of the electrode 33, an STM 

control part 40 for impressing a bias voltage between the probe 30 and the sample 20 to 
conduct control to keep a tunneling current constant, and a phase detection amplifier 45 for 
extracting a modulation response signal component of the tunneling current accompanied to 
the magnetic field modulation to detect a magnetic spin condition on the sample surface. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The magnetic-force microscope is known as a magnetic-domain 
observation means for evaluating the detailed magnetic-domain structure on the front face of the 
magnetic substance by which resolution is the highest. The resolution of this magnetic-force microscope 
is a maximum of about lOnm. On the other hand, further resolution enhancement of detailed magnetic- 
domain observation technology is overly desired overly with [ medium / magnetic-recording ] detailed- 
izing. 

[0003] a scanning tunneling microscope (Scanning Tunneling Microscopy) scans a probe relatively to a 
sample on a sample front face by making a sample or a probe drive, and a tunnel current is very 
sensitive to the distance between probe-samples - using - the structure on the front face of a sample, 
and physical properties - an atom - it is the technique evaluated by resolution since spin polarization of 
the tunnel electron is carried out in this scanning tunneling microscope when the magnetic substance is 
used as a sample or a probe, if a spin state can be classified - atomic level - the magnetic information 
on the front face of a sample can be acquired with resolution 

[0004] The method of acquiring spin information from the tunnel -current change depending on the spin 
between magnetic-substance sample front faces is indicated by reference (R. Wissendanger, 
H.J.Guntherodt, G.Guntherodt, R.J.Gambino and RRuf, Physical Review Letters, vol.65, p247 (1990)), 
using a ferromagnetic probe as such a spin polarization scanning tunneling microscope. In these 
examples of observation using the ferromagnetic probe, the sense of magnetization is displayed as 
contrast. 

[0005] However, spin information superimposed the image obtained by these well-known examples on 
the surface concavo-convex image, and it had the fault that a surface form and spin arrangement could 
not take out only a spin image from a strange actual sample front face. The method of using the 
difference in the degree of spin polarization to bias voltage as a method of solving this is JP,2000« 
131215,A and reference (M. Bode, M.Getzlaff, and RWiesendangerer, Physical Review Letters, vol.81, 
p4256 (1998)). O. It is indicated by Pietzsch, A.Kubetzka, M.Bode, and R.Wiesendangerer, Physical 
Review Letters, vol.84, and p5212 (2000). 

[0006] However, even if it was in this kind of equipment, it was difficult to avoid the following 
problems. That is, since a probe is ferromagnetism, the mutual magnetic influence of a sample and a 
probe may occur, and the accuracy of measurement may deteriorate. Moreover, when the irregularity on 
the front face of a sample was intense, it could not avoid that a probe contacted a sample front face, but 
there was a fault of being easy to damage a probe. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] Especially this invention relates to the spin polarization 
scanning tunneling microscope suitable for observing the magnetic structure of a magnetic material, or 
the magnetic-domain structure of a ferromagnetic by the spatial resolving power several nm or less, and 
the regenerative apparatus using this with respect to a scanning tunneling microscope. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . 
[The technical field to which invention belongs] Especially this invention relates to the spin polarization 
scanning tunneling microscope suitable for observing the magnetic structure of a magnetic material, or 
the magnetic-domain structure of a ferromagnetic by the spatial resolving power several nm or less, and 
the regenerative apparatus using this with respect to a scanning tunneling microscope. 

[0002] . 
[Description of the Prior Art] The magnetic-force microscope is known as a magnetic-domain 
observation means for evaluating the detailed magnetic-domain structure on the front face of the 
magnetic substance by which resolution is the highest. The resolution of this magnetic-force microscope 
is a maximum of about lOnm. On the other hand, further resolution enhancement of detailed magnetic- 
domain observation technology is overly desired overly with [ medium / magnetic-recording ] detailed- 

izing. I I 

[0003] a scanning tunneling microscope (Scanning Tunneling Microscopy) scans a probe relatively to a 
sample on a sample front face by making a sample or a probe drive, and a tunnel current is very 
sensitive to the distance between probe-samples - using - the structure on the front face of a sample, 
and physical properties - an atom ~ it is the technique evaluated by resolution since spin polarization of 
the tunnel electron is carried out in this scanning tunneling microscope when the magnetic substance is 
used as a sample or a probe, if a spin state can be classified - atomic level - the magnetic information 
on the front face of a sample can be acquired with resolution 

[0004] The method of acquiring spin information from the tunnel-current change depending on the spin 
between magnetic-substance sample front faces is indicated by reference (R. Wissendanger, 
H.J.Guntherodt, G.Guntherodt, R.J.Gambino and RRuf Physical Review Letters, vol.65, p247 (1990)), 
using a ferromagnetic probe as such a spin polarization scanning tunneling microscope. In these 
examples of observation using the ferromagnetic probe, the sense of magnetization is displayed as 
contrast. 

[0005] However, spin information superimposed the image obtained by these well-known examples on 
the surface concavo-convex image, and it had the fault that a surface gestalt and spin arrangement could 
not take out only a spin image from a strange actual sample front face. As a method of solving this The 
difference in the degree of spin polarization to bias voltage the method of using - JP,2000-131215,A 
and reference (M. ~ Bode, M.Getzlaff, and R.Wiesendangerer, Physical Review Letters, vol.81, and 
p4256 (1998) -) It is indicated by O.Pietzsch, A.Kubetzka, M.Bode, and RWiesendangerer, Physical 
Review Letters, vol.84, and p5212 (2000). 

[0006] However, even if it was in this kind of equipment, it was difficult to avoid the following 
problems. That is, since a probe is ferromagnetism, the mutual magnetic influence of a sample and a 
probe may occur,' and the accuracy of measurement may deteriorate. Moreover, when the irregularity on 
the front face of a sample was intense, it could not avoid that a probe contacted a sample front face, but 
there was a fault of being easy to damage a probe. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, in the conventional spin polarization scanning 
tunneling microscope, since the probe of what can acquire the spin information on a magnetic-substance 
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sample front face by using the probe of a ferromagnetic was ferromagnetism, the mutual magnetic 
influence of a sample and a probe might occur, and there was a fault of being easy to damage a probe. 
[0008] this invention is to offer the spin polarization scanning tunneling microscope which it was able to 
accomplish in consideration of the above-mentioned situation, and the place made into the purpose can 
perform spin detection without the magnetic interaction of a sample and a probe, and can prevent 
breakage of a probe also to a sample with intense surface irregularity. 
[0009] 

[Means for Solving the Problem] (Composition) In order to solve the above-mentioned technical 
problem, this invention has adopted the following composition. 

[0010] Namely, this invention is set to the spin polarization scanning tunneling microscope for 
observing the magnetic spin state on the front face of a sample by the spatial resolving power several nm 
or less. The probe which consists of a carbon nanotube which put the magnetic electrode on the field 
within predetermined distance from the point, The magnetic field developmental mechanics to which an 
alternating current magnetic field is impressed to the aforementioned magnetic electrode, and the 
magnetization direction of this magnetic electrode is changed periodically, The source of bias voltage 
which impresses predetermined voltage between the scanner which makes the aforementioned probe 
scan relatively to a sample front face, and the aforementioned probe and a sample, The current detection 
mechanism in which the tunnel current which flows between the aforementioned probe and a sample is 
detected, The drive which drives the aforementioned probe in the height direction so that the average of 
the aforementioned tunnel current may become fixed, and the magnetic spin detection mechanism in 
which extract the alternating current reply signal component of the tunnel current accompanying change 
of the aforementioned magnetization direction, and the magnetic spin state on the front face of a sample 
is detected are provided, and it is characterized by the bird clapper. 
[001 1] Here, the following are mentioned as a desirable embodiment of this invention. 

(1) A magnetic electrode material should be Fe, Co, nickel, Cr, Mn, an alloy containing these at least 
one, or a compound. 

(2) The magnetic electrode should be arranged from the nose of cam of a carbon nanotube at the 
distance within spin diffusion length (generally several lOOnm). 

(3) Keep the distance of a sample and a probe at lOnm from O.lnm. 

(4) Magnetic field developmental mechanics should consist of a coil, and alternating current should be 
supplied to it. Furthermore, the frequency of alternating current should be 100Hz - 100kHz. 

(5) A means to image the alternating current reply signal component of the detected tunnel current was 
established. 

[0012] Moreover, the magnetic-recording medium with which magnetic recording is presented in the 
regenerative apparatus for this invention reproducing magnetic information, The probe which consists of 
a carbon nanotube which put the magnetic electrode on the field within predetermined distance from the 
point, The magnetic field developmental mechanics to which an alternating current magnetic field is 
impressed to the aforementioned magnetic electrode, and the magnetization direction of this magnetic 
electrode is changed periodically, The scanner which makes the aforementioned probe scan relatively to 
a magnetic-recording medium front face, The source of bias voltage which impresses predetermined 
voltage between the aforementioned probe and a magnetic-recording medium, The current detection 
mechanism in which the tunnel current which flows between the aforementioned probe and a magnetic- 
recording medium is detected, The drive which drives the aforementioned probe in the height direction 
so that the aforementioned tunnel current may become fixed, and the magnetic spin detection 
mechanism in which extract the alternating current reply signal component of the tunnel current 
accompanying change of the aforementioned magnetization direction, and the magnetic spin state of a 
magnetic-recording medium front face is detected are provided, and it is characterized by the bird 
clapper. 

[0013] (Operation) this invention constitutes the probe from the carbon nanotube which put the 
magnetic electrode on the field within predetermined distance from the point. It is reported that spin 
diffusion length exceeds several lOOnm, and a carbon nanotube has the feature that an electron flows 
maintaining a spin state when the electron which had spin from the end side was passed. Therefore, if 
the magnetic electrode is prepared in the distance within spin diffusion length from the nose of cam of a 
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carbon nanotube and this magnetic electrode is made to magnetize in a certain direction, magnetic 
reluctance will change according to the relation between the magnetization direction of a magnetic 
electrode, and the direction of an electron spin, and a tunnel current will also change. That is, even if it 
uses the probe which consists of a carbon nanotube and a magnetic electrode as mentioned above, it 
becomes possible to measure the magnetic spin state on the front face of a sample like the case where a 
probe nose of cam is formed with a ferromagnetic. 

[0014] And in this case, since the probe itself is nonmagnetic (the nose of cam of a probe is a carbon 
nanotube, and non-magnetic material), it can avoid the influence of the probe magnetization by sample 
magnetization, or its reverse. Furthermore, even if the nose of cam of a carbon nanotube contacts a 
sample front face, it will be satisfactory, and it becomes possible from a carbon nanotube having a high 
elastic modulus to prevent breakage of a probe. 
[0015] 

[Embodiments of the Invention] Before explaining an operation gestalt, the basic principle of this 
invention is explained. 

[0016] A carbon nanotube has the tube-like structure where the graphite sheet was rounded off spirally. 
Although a tube has the thing of a monolayer, and a multilayer thing, each can be used as a probe of this 
invention. The nose of cam (A) which is an end of this carbon nanotube separates the interval of 0.1 to 
lOnm on a sample front face, and is arranged on it. Height adjustment of the height is serially carried out 
during a scan so that the average of the tunnel current which flows between a carbon nanotube and a 
sample may turn into a fixed value. A magnetic electrode is prepared in the end face (B) side which is 
the other end of a carbon nanotube. As long as this magnetic electrode is installed in 800nm or less 
below spin diffusion length (several lOOnm) from the nose of cam (A) of a carbon nanotube, it may not 
be a perfect edge. The distance from a nose of cam (A) is 500nm or less still more preferably. 
[0017] A magnetic electrode is an electrode for catching the tunnel current from the sample front face 
which has flowed the carbon nanotube. the soft-magnetism alloy of the alloy which contains Fe, Co, 
nickel, Mn, Cr, and these as an electrode material which can be adapted for this invention, the NiFe 
system alloy called permalloy, a CoNbZr system, a FeTaC system, a CoTaZr system, a FeAISi system, a 
FeB system, and a CoFeB system, a Heusler alloy, Cr02 and Fe 304, and Lal-x Srx Mn03 etc. - the 
half metal magnetic substance is mentioned 

[0018] It is desirable and the soft magnetic materials of a permalloy or an amorphous system are Co, Fe, 
CoFe, and Fe 304, when controlling a magnetic electrode. It is desirable although a big spin signal is 
acquired. Moreover, Co and CoFe to which a magnetic electrode has the thickness of 3nm or less in the 
portion which contacts directly [ of carbon nano CHUBUHE ], or Fe 304 If it is made to form and soft 
magnetic materials, such as a permalloy, are made to form on it, it excels in the controllability of a 
magnetic electrode, and a big spin signal can be acquired. 

[0019] The magnetic field developmental mechanics which controls the magnetization direction is 
attached in the latest of this magnetic electrode. Magnetic field developmental mechanics consists of the 
lead wire of the shape of the shape of a coil, and a non-coil. Furthermore, the alternating current power 
supply 10Hz or more for carrying out an electric power supply is connected to the magnetic field 
developmental mechanics. An alternating current magnetic field occurs by the current from this 
alternating current power supply, and the magnetization direction of a magnetic electrode is modulated. 
And the spin component of a tunnel current is detectable by establishing the modulation reply signal 
component detection mechanism of the electrode current accompanying this magnetic field modulation. 
[0020] The perpendicular magnetization component of a sample is detectable by rolling a coil or 
preparing lead wire at right angles to a probe shaft centering on a probe shaft, so that the direction of a 
generating magnetic field from magnetic field developmental mechanics may become parallel to a probe 
shaft. Moreover, the magnetization component within a field of a sample parallel to the magnetic field 
impression direction is detectable by installing a coil beside an electrode or preparing lead wire in it in 
parallel with a probe shaft so that a magnetic field may become right-angled on a probe shaft, magnetic 
field developmental mechanics - one magnetic electrode ~ receiving ~ one set - or you may put two or 
more sets in order By changing mutually, the frequency of the alternating current impressed here can 
determine the magnetization vector of a sample as two or more sets of the cases. 
[0021] Finally, although drive-system blunder UNTO of the piezo scanner etc. is carried out, as for the 
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probe (carbon nanotube with a magnetic electrode) of this invention, inclusion may exist between a 
magnetic electrode and a drive system. The example is shown in drawing 1 In drawing 1 (a), after 
attaching a carbon nanotube 12 to the point of the usual probe 1 1 with Van der Waals force first, the 
magnetic electrode 13 was deposited to jointing. And the usual probe 1 1 was attached in the drive 
systems 15, such as a piezo-electric element. At drawing 1 (b), after placing a carbon nanotube 12 so 
that a nose of cam may jump out on the board 14 of an insulator, while forming the magnetic electrode 
13 by carrying out the vacuum evaporation© of the magnetic substance, adhesion was also performed 
now. (a) and (b) form wiring in the magnetic electrode 13, and it is made for current to have flowed. 
[0022] Drawing 2 is the example which formed the coil 18 as magnetic field developmental mechanics, 
this coil 18 is rolled centering on the probe shaft, and a magnetic field impresses it to the shaft 
orientations of a probe. And the magnetization direction of the magnetic electrode 13 is modulated by 
considering the current passed in a coil 1 8 as an alternating current. 

[0023] In addition, indispensable basic structures other than the above as a scanning tunneling 
microscope are the current detection mechanisms in which the tunnel current which flows between the 
drive which makes a probe scan relatively to a sample front face, the source of bias voltage and probe 
which impress bias voltage between a probe and a sample, and a sample is detected. The spin 
polarization scanning tunneling microscope of this invention can make basic structure the same, and can 
use it for a regenerative apparatus as it is. Such a regenerative apparatus especially fits reproduction of a 
high -density record medium. 

[0024] Hereafter, the operation gestalt of illustration of the detail of this invention explains. 
[0025] (1st operation gestalt) Drawing 3 is drawing showing the basic composition of the spin 
polarization scanning tunneling microscope concerning the 1st operation gestalt of this invention. 
[0026] The probe 30 has structure shown for example, in aforementioned drawing 1 (a), and consists of 
a carbon nanotube 32 and magnetic electrode 33 grade. A end face side is fixed to the piezo scanner 35, 
and, as for this probe 30, the relative scan of the nose of cam (carbon nanotube side) is carried out to the 
front face of a sample 20. Near the probe 30, the magnetic field developmental mechanics 41 for 
impressing a magnetic field to the magnetic electrode 33 is arranged. This magnetic field developmental 
mechanics 41 is the coil rolled centering on the probe shaft, as shown for example, in aforementioned 
drawing 2 , and it is driven by AC power supply 44. 

[0027] Bias voltage is impressed to the magnetic electrode 33 of a probe 30 by STM control / signal- 
processing section 40. The tunnel current which flows between a probe 30 and a sample 20 by 
impression of this bias voltage is amplified by the tunnel-current amplifier 43, and is inputted into STM 
control / signal-processing section 40, and the phase-detection amplifier 45 mentioned later. And in 
STM control / signal-processing section 40, the piezo control signal for driving the piezo scanner 35 is 
outputted so that the average of a tunnel current may become fixed. 

[0028] Moreover, the alternating current signal by AC power supply 44 is supplied to the phase- 
detection amplifier 45 as a modulating signal. In the phase-detection amplifier 45, the synchronous 
detection of the tunnel current obtained through amplifier 43 is carried out based on the modulating 
signal from AC power supply 44. Here, the component depending on magnetic spin is in a tunnel 
current, and since this changes a lot by carrying out the alternating current drive of the magnetic field 
developmental mechanics 41, if a signal is taken out according to an alternating current drive, it can take 
out a spin component. That is, it becomes possible by detecting a tunnel current as mentioned above 
synchronizing with an alternating current signal to detect only the magnetization component on the front 
face of a sample. 

[0029] In addition, although the piezo scanner 35 was used for the scan on the sample front face of a 
probe 30, and vertical movement of a probe 30, the piezo scanner 35 is used only for vertical movement 
of a probe 30, and you may make it move the stage in which the sample 20 was laid in the above- 
mentioned explanation, in order to scan a probe 30 on a sample front face. 

[0030] In the above-mentioned composition, the laminating electrode of CoFe/permalloy was prepared 
as a carbon nanotube 32 HE magnetism electrode 33, it mounted on the piezo scanner 35, and the spin 
polarization scanning tunneling microscope was tested, as a laminating electrode ~ Co/permalloy, 
Fe/permalloy, etc. - desirable - instead of [ of this permalloy ] - soft-magnetism amorphous ** ~ it is 
desirable CoFe, and Co and Fe touch a carbon nanotube. The thickness of soft magnetic materials, such 
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as 0.3-2nm and a permalloy, has [ the thickness of CoFe, and Co and Fe ] desirable l-30nm. As 
magnetic field developmental mechanics 41 for making the magnetic electrode 33 magnetize, as shown 
in drawing 2 , the coil was rolled by having made the magnetic electrode into the medial axis, AC power 
supply 44 performed magnetic field generating of 10G on the frequency of 777Hz, and the phase- 
detection amplifier 45 detected the component which synchronized with the magnetic field modulation 
among tunnel currents. 

[003 1] The probe 30 was scanned on the sample 20, controlling the height of a probe 30 so that a tunnel 
current is set to 0.2nA(s) using Co perpendicular magnetic anisotropy films as a sample 20. That to 
which the topology on the front face of a sample made the output of the phase-detection amplifier 45 the 
picture signal from the screen which made the height position of a probe 30 the picture signal indicated 
unrelated contrast to be a TOPOGURAFU image, and this contrast disappeared by the pulse magnetic 
field impression of 3kG(s) to a sample 20. Moreover, the signal from a nonmagnetic substrate portion 
was zero. From the above result, it checked that the output signal of the phase-detection amplifier 45 had 
detected the magnetization state on the front face of a sample. 

[0032] Moreover, it asked for spin signal strength with the phase-detection amplifier 45 from the Co 
sample 20 using the probe 30 which prepared the CoFe electrode as a magnetic electrode 33 in the place 
of 300nm of distance from the nose of cam (A) of a carbon nanotube 32 with the composition of the 
same spin polarization scanning tunneling microscope as drawing 3 . As an example of comparison, this 
of the tungsten probe which is nonmagnetic also asked for spin signal strength with the phase-detection 
amplifier 45 from Co sample using what prepared the CoFe electrode in the place of 300nm of distance 
from the nose of cam. 

[0033] The latter is undetectable on below noise level to the former of the resistance rate of change 
which standardized the size of a modulation reply signal with the tunnel-current value having been 5%. 
With this operation gestalt, a carbon nanotube 32 has long spin diffusion length, and resistance rate of 
change changes for holding the spin state on the front face of a sample as it is, reaching the magnetic 
electrode 33, and the magnetoresi stance effect happening here. Moreover, when the electrode position 
was established in the place of 150nm of distance from the nose of cam (A) of a carbon nanotube 32 and 
comparative experiments were conducted, resistance rate of change increased to 15% or more. From this 
result, the installation position of the magnetic electrode 33 understands a thing with the nearer desirable 
one at the nose of cam (A) of a carbon nanotube 32. 

[0034] Moreover, the sample front face which has the surface irregularity of lOnm for the probe 30 
which consists of a carbon nanotube 32, and the usual tungsten probe was made to scan using the same 
spin polarization scanning tunneling microscope as drawing 3 , and the resistance test of a probe was 
performed. Consequently, in a tungsten probe, the image by the carbon nanotube did not change to the 
image having become double with 3 times of scans. In this result, the shock resistance of a carbon 
nanotube shows high **. 

[0035] Thus, according to this operation gestalt, the magnetic spin state on the front face of a sample can 
be measured like the case where a probe nose of cam is formed with a ferromagnetic, by detecting a 
tunnel current, constituting a probe 30 from a carbon nanotube 32 which put the magnetic electrode 33 
on the distance within spin diffusion length from the point, and modulating the magnetization direction 
of the magnetic electrode 33 according to the magnetic field impression mechanism 41. 
[0036] Moreover, with this operation gestalt, since the nose of cam of a probe 30 is a carbon nanotube 
32 and is non-magnetic material, it can avoid the influence of the probe magnetization by sample 
magnetization, or its reverse. Furthermore, a carbon nanotube 32 will be satisfactory even if the nose of 
cam of a carbon nanotube 32 contacts a sample front face, and it becomes possible [ preventing breakage 
of a probe 30 ] from having a high elastic modulus. That is, spin detection can be performed without the 
magnetic interaction of a sample and a probe, and breakage of a probe can be prevented also to a sample 
with intense surface irregularity. 

[0037] (2nd operation gestalt) Drawing 4 is the cross section showing the important section composition 
of the regenerative apparatus concerning the 2nd operation gestalt of this invention. 
[0038] 60 in drawing is a probe and this probe 60 consists of a carbon nanotube 62 and magnetic 
electrode 63 grade like the previous operation gestalt. The large field mechanical component for the 
minute mechanical component which carries out the minute drive of the probe 60 in order that 65 may 
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make a tunnel current regularity, and 67 driving two or more probes 60 simultaneously, and 69 show 
magnetic field developmental mechanics, and 70 shows the magnetic-recording medium. 
[0039] With this operation gestalt, what mounted the carbon nanotube 62 which has the magnetic 
electrode 63 on the minute mechanical component 65, and was made into one unit was arranged in 
multi-unit 1 train, and corresponded and carried out large field mechanical-component 67 blunder 
UNTO to a still bigger distance. This constituted the magnetic-head section. The source of bias voltage 
(not shown) and the magnetic field developmental mechanics 69 to a multi-unit of the magnetic-head 
section were set to one, respectively. And a minute gap shall be separated on the front face of the 
magnetic-recording medium 70, two or more carbon nanotubes 62 shall be arranged on it, and the scan 
of these shall be carried out relatively. 

[0040] More specifically, the piezo-electric element as the magnetic electrode 63, the magnetic field 
developmental mechanics 69, and a minute mechanical component 65 etc. was produced by micro 
processing. 50 probes 60 were put in order and taken as the probe array. The magnetic field 
developmental mechanics 69 becomes the flank of the magnetic electrode 63 from the thin line by which 
contiguity arrangement was carried out, and requires the magnetic field it turned [ magnetic field ] to the 
shaft orientations of a carbon nanotube 62 to the magnetic electrode 63 by the current passed here. It set 
to up to the magnetic-recording medium 70 by making into one unit the carbon nanotube array and the 
magnetic field developmental mechanics 69 containing the magnetic electrode 63 which formed wiring. 
[0041] Since it was pillar-shaped, the medium which made the becoming pattern with a diameter of 7nm 
each record bit was used for the magnetic-recording medium 70. The whole magnetic-head section is 
relatively moved to this magnetic-recording medium 70. In drawing 4 , the magnetic-head section is 
moved in a space longitudinal direction and the direction of the space table reverse side. The travel d of 
a space longitudinal direction has d=r and a desirable bird clapper at the maximum, when distance 
between carbon nanotubes is set to r. If the number of a carbon nanotube is set to n, reading of the 
medium field which has the width of face of xd on the whole (n+1) will become possible. 
[0042] The record bit information on travel within the limits is read by each probe, moving the 
magnetic-head section. Specifically, phase-detection amplifier detects a magnetic field modulation reply 
signal component among the signals from each magnetic electrode, and it considers as each output 
signal. In addition, although it consists of an array of one train drawing, high-speed processing is also 
still more possible by making it a matrix array like 50x50. In addition, although it is necessary to make 
space move the distance corresponding to medium length about a vertical drive in arrangement of 
drawing 4 in the case of 1 train array, in the case of a matrix array, it ends with the travel to the next 
probe. 

[0043] As a result of examining the regenerative signal in the above method, it checked that the record 
state of the magnetic-recording medium corresponding to the recording density of lTbpsi could be read. 
[0044] Thus, according to this operation gestalt, the magnetic information recorded on the magnetic- 
recording medium can be read by using the probe which consists of a carbon nanotube, a magnetic 
electrode, etc. as the magnetic head. And since the resolution of the magnetic spin by the probe is very 
high, read-out of the magnetic-recording medium corresponding to the recording density of lTbpsi also 
becomes possible. Moreover, high-speed processing of read-out can also be aimed at by arranging a 
probe a seriate or in the shape of a matrix. Moreover, like the 1st operation gestalt, since the carbon 
nanotube is used for the point of a probe, the magnetic interaction of a probe and a magnetic-recording 
medium can be abolished, and the reinforcement of a probe can also be achieved. 
[0045] In addition, this invention is not limited to each operation gestalt mentioned above. The direction 
which makes a magnetic electrode magnetize may not necessarily be restricted to probe shaft 
orientations, and may be a direction level on a probe shaft. What is necessary is to arrange a coil to the 
flank of a magnetic electrode, or just to prepare a thin line in the upper part of a magnetic electrode, 
when you make it magnetized horizontally. Furthermore, magnetic field developmental mechanics may 
not necessarily be restricted to one, may be prepared, and may use each synthetic magnetic field. [ two 
or more ] The position in which a magnetic electrode is prepared should just usually be less than 800nm 
that what is necessary is just the distance between the nose of cam of a carbon nanotube, and spin 
diffusion length. Furthermore, the material of a magnetic electrode can be suitably changed according to 
specification. 
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[0046] moreover, in the 2nd operation gestalt, although two or more probes were boiled and were 
carried out, it comes out by one probe not to mention the thing you may make it read the information on 
a magnetic-recording medium Furthermore, in the 2nd operation gestalt, it is also possible to form a 
magnetic-recording medium in disc-like, to arrange a carbon nanotube on the straight line passing 
through the center of a magnetic-recording medium, to rotate a magnetic-recording medium, and to read 
magnetic information. 

[0047] In addition, in the range which does not deviate from the summary of this invention, it can 

deform variously and can carry out. 

[0048] 

[Effect of the Invention] As explained in full detail above, according to this invention, the magnetic 
structure of a magnetic material or the magnetic-domain structure of a ferromagnetic is observable by 
the spatial resolving power several nm or less by constituting the probe of a spin polarization scanning 
tunneling microscope from a magnetic electrode arranged from the nose of cam of a nonmagnetic 
carbon nanotube and this carbon nanotube to the field within predetermined distance. And since a 
carbon nanotube is nonmagnetic, the mutual influence of probe magnetization and sample magnetization 
is avoidable, and since a carbon nanotube has a high elastic modulus, breakage of a probe can be 
prevented also to a sample with intense surface irregularity. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The spin polarization scanning tunneling microscope characterized by providing the 
following. The probe which consists of a carbon nanotube which put the magnetic electrode on the field 
within predetermined distance from the point. Magnetic field developmental mechanics to which an 
alternating current magnetic field is impressed to the aforementioned magnetic electrode, and the 
magnetization direction of this magnetic electrode is changed periodically. The scanner which makes the 
aforementioned probe scan relatively to a sample front face. The current detection mechanism in_which 
the tunnel current which flows between the source of bias voltage which impresses predetermined 
voltage between the aforementioned probe and a sample, and the aforementioned probe and a sample is 
detected, the drive which drives the aforementioned probe in the height direction so that the average of 
the aforementioned tunnel current may become fixed, and the magnetic spin detection mechanism 
in_which extract the alternating current reply signal component of the tunnel current accompanying 
change of the aforementioned magnetization direction, and the magnetic spin state on the front face of a 
sample is detected. . . 

[Claim 2] The aforementioned magnetic electrode material is Fe, Co, nickel, Cr, Mn, an alloy containing 
these at least one, or a spin polarization scanning tunneling microscope according to claim 1 
characterized by being a compound. 

[Claim 3] The regenerative apparatus which possesses a spin polarization scanning tunneling 
microscope according to claim 1 and the magnetic-recording medium by which a surface magnetic spin 
state is detected by the probe of the aforementioned microscope, and is characterized by the bird clapper. 



[Translation done.] 
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